SUMMARY Hyponatraemia following aneurysmal subarachnoid haemorrhage is associated with an increased risk of cerebral infarction. Whether the development of hyponatraemia was related to enlargement of the third ventricle on the admission CT scan was investigated in a consecutive series of 133 patients who were seen within 72 hours of aneurysmal haemorrhage. Hyponatraemia occurred significantly more often in patients with enlargement of the third ventricle (with or without dilatation of the lateral ventricles) than in patients with a normal ventricular system (20/41 versus 24/92, p = 0-0 16). After ventricular drainage, the sodium levels returned to normal in two patients in whom the size of the third ventricle decreased and not in four patients with persistent enlargement of the third ventricle. The significant relationship between enlargement of the third ventricle and hyponatraemia remained after adjustment for the amount of cisternal blood, but not after adjustment for the amount of intraventricular blood. These results suggest that the size of the third ventricle is an important but not the only factor in the relationship between acute hydrocephalus and hyponatraemia in patients with aneurysmal subarachnoid haemorrhage.
Hyponatraemia following aneurysmal subarachnoid haemorrhage (SAH) is not an infrequent finding and is associated with an increased risk of cerebral infarction.' Hyponatraemia was previously attributed to an inappropriate secretion of antidiuretic hormone,2 but recently it was demonstrated that hyponatraemia is a result of salt wasting.3 " What cerebral factor causes natriuresis after SAH remains to be established.
In a previous study, we found a relationship in patients with SAH between the development of hyponatraemia and the presence of hydrocephalus on admission.5 A possible explanation was that enlargement of the third ventricle might interfere with hypothalamic function. In that study,5 however, the width of the third ventricle was not measured, as the diagnosis of acute hydrocephalus was based on the width of the lateral ventricles. Therefore, the relationship Figure 3 shows the relative size of the third ventricle in patients with and without hyponatraemia (Mann-Whitney, p = 0-05). There was no apparent linear correlation between the degree of hyponatraemia and the degree of ventricular enlargement (data not shown).
The incidence of hyponatraemia in the three groups of pati-ents with hydrocephalus was compared with that in patients with normal ventricles ( Cerebral infarcts occurred more often in patients with enlarged third ventricles (18/41 = 44%) than in patients who had a normal third ventricle (28/92 = 30%). This difference did not reach statistical significance. Fatal infarcts were also more frequent in patients with enlargement of the third ventricle (9/41 = 23%) versus 9/92 (10%) in patients who had a normal third ventricle (not significant, 005 < p < 0 10).
An aneurysm was demonstrated by angiography or at postmortem examination in 31 patients with hypo- natraemia. Of these, 13 had an aneurysm of the anterior communicating artery (42%), 11 of the carotid artery (35%), three of the middle cerebral artery (9%) and four of the posterior circulation (13%).
For the 68 patients with normal sodium levels and a proven aneurysm, the distribution was similar: 26 (38%), 22 (32%), 13 (9%) and 7 (10%), respectively. Nine patients with an enlarged third ventricle underwent ventricular drainage, six of whom had developed hyponatraemia. In four of these six patients the size of the third ventricle did not change after shunting, and hyponatraemia persisted. In the two other patients, both the size of the third ventricle and the sodium level returned to normal after ventricular drainage.
Discussion
The risk of developing hyponatraemia after SAH appears to be significantly increased in patients with enlargement of the third ventricle on the admission CT scan, with or without dilatation of the lateral ventricles. This suggests that the size of the third ventricle is the crucial factor in the relationship that was previously found between acute hydrocephalus and hyponatraemia.5 Furthermore, the relationship between hyponatraemia and an enlarged third ventricle holds at more marked hyponatraemia levels and after measurement of the third ventricle on serial CT scans during the presence of hyponatraemia. The pathogenesis of hyponatraemia after SAH is not known. It has been suggested that the hypothalamus may be damaged by rupture of an aneurysm of the anterior circulation, '3 14 and that this damage may result in disturbances of the electrolyte balance. 15 However, we could not confirm that the aneurysms occurred at different sites in patients with or without hyponatraemia.
Another possibility is that hyponatraemia is caused by hypothalamic dysfunction secondary to spasm of vessels that supply the hypothalamus. Since vasospasm is often multifocal, it might, in this view, account for both hyponatraemia and cerebral infarction. If this hypothesis was true, an association between the amount of cisternal blood and hyponatraemia should be found, as cerebral ischaemia is associated with the amount of cisternal blood.10 " However, after adjustment for the amount of cisternal blood, the relationship between enlargement of the third ventricle and hyponatraemia remained unaltered. In contrast, the significant relationship between enlargement of the third ventricle and hyponatraemia was weakened after adjustment for the amount of intraventricular blood. The direct contribution of intraventricular haemorrhage towards the development of hyponatraemia is, however, small, and the main effect of intraventricular blood is that it causes enlargement of the third ventricle which then results in hyponatraemia. Now that it has been shown that enlargement of the third ventricle is an important factor in the development of hyponatraemia, with some contribution of intraventricular blood, a possible explanation might be that mechanical pressure on the hypothalamus from within the third ventricle is responsible for hyponatraemia. This is further supported by the observation that hyponatraemia persisted when ventricular drainage did not result in a decreased size of the third ventricle, whereas the hyponatraemia disappeared if the third ventricle did shrink. This is in agreement with an observation of Wise.16 Patients with SAH who develop hyponatraemia are at a greater risk of cerebral infarction. This was demonstrated earlier in the same group of patients, although fluid restriction was a confounding factor.' Since hyponatraemia is caused by natriuresis and is accompanied by hypovolaemia,4 fluid restriction might have aggravated a hypovolaemic state resulting in ischaemia. 9 The limits of our sample and the contribution of other factors in the pathogenesis of cerebral ischaemia may explain why a direct relationship between enlargement of the third ventricle and subsequent infarction could not be demonstrated. Nevertheless, the presence of a large third ventricle on the initial CT scan indicates that such patients are a greater risk of developing hyponatraemia and therefore need a careful control of the fluid and sodium balances to prevent cerebral ischaemia. 
